
1 58,301 
ELECTRIC VEHICLE MOTOR 

FIELD OF THE INVENTION ^ 4 

The present invention relates generally to motors 
for electrically powered vehicles, such as an electric car. 
More particularly, this invention relates to a light weight 
5 and corrosion resistant electric motor having an efficient oil 
cooling system such that the motor is capable of highly 
efficient operation over a wide range of speeds. 

BACKGROUND OF THE INVENTION 
Interest in electric vehicles has grown markedly in 

10 the past few decades due to air quality concerns and uncertain 
petroleum imports. Variable torque and speed control are the 
essential requirements for power systems in electric vehicles. 
Several types of electric motors have been used to provide 
vehicle power requirements. Early traction motors were 

15 exclusively dc motors. More recently, advanced ac drive 
systems have been applied in vehicle power systems using 
induction motors. These electric vehicles require motors 
which are small in size, light weight, and inexpensive with 
high constant power and efficiency. 

20 In view of these requirements, the motor components, 

primarily the rotor and stator core and the stator windings, 
are subjected to high temperatures and substantial thermal 
stresses. Thus, an efficient motor cooling system is 
necessary to obviate burning of the motor components and to 

25 improve the overall electrical and mechanical performance of 
the motor. 
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Various design efforts have focused on the 
development of an electric vehicle having a plurality of 
smaller electric motors wherein an individual motor is 
directly coupled to an individual wheel in order to reduce the 
5 necessary power requirements for each motor. One such 
electric vehicle motor is disclosed in U.S. Patent No. 
5,111,090 — Otake et al. Otake discloses an oil cooling 
system for an electric motor which is directly coupled to a 
single wheel of the vehicle wherein oil is provided from an 

10 oil reservoir within the bottom of the motor casing and is 
pumped upward via an oil path outside of the casing and back 
into the casing to nozzles located radially outward and 
directly above the top of coil. The nozzles spray oil 
directly against the top of the coil and the falling oil is 

15 guided into contact with lower portions of the stator core is 
cooled. 

Notwithstanding any advances in the development of 
smaller electric motors which are individually connected to 
each wheel of an electric vehicle, there remains a need for 

2 0 light weight and highly efficient electric motors to replace 

the gas combustion engine and to make electric powered cars 
capable of maintaining the speeds of gas powered automobiles. 
The present invention provides an electric motor which 
satisfies this need. 
25 SUMMARY OF THE INVENTION 

An electric motor for an electrically powered 
vehicle includes a motor casing, a cylindrical rotor core and 
a rotor shaft extending through the core and rotatably 
supported by the motor casing. The motor further includes a 

3 0 stator core having a plurality of stator slots and a plurality 

of windings disposed therein. A motor in accordance with the 
invention further includes a cooling system for providing a 
flow of cooling oil onto the rotor and stator components to 
dissipate the generated heat therefrom and prevent burning of 
35 the motor components. The rotor shaft of an electric motor 
is mechanically coupled to the vehicle drive shaft and 
provides the power necessary to rotate a plurality of vehicle 
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wheels coupled to the drive shaft. The motor is light weight 
and corrosion resistant and is capable of providing the power 
necessary to operate larger vehicles, such as electrically 
powered passenger cars having 100 hp output and buses having 
2 00 hp output. 

f BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows an exploded view of one embodiment of 
an electric motor in accordance with the present invention. 

Fig. 2 shows a longitudinal cross-section of an 
electric motor in accordance an embodiment of the present 
invention. 

Fig. 3a shows a lateral cross-section of an electric 
motor in accordance the embodiment shown in Fig. 2 taken along 
the lines 3-3. 

Fig. 3b shows a cut-away of one adjoining pair of 
the rotor and stator slots shown in FIG. 3a. 

Fig. 4a shows a longitudinal cross-section of an 
electric motor in accordance with a further embodiment of the 
present invention . 

Fig. 4b shows a cut-away of a rotor slot shown in 

Fig. 4a. 

Fig. 5 shows a longitudinal cross-section of a 
vehicle drive system in accordance with the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figs. 1 and 2 show an electric vehicle motor 10 in 
accordance with the present invention. The motor includes a 
hollow rotor shaft 12 having two end pieces wherein the shaft 
is rotatably supported by casing 14. Cylindrical rotor core 
16 is fixed to the shaft 12 and stator core 18 is fixed to the 
casing 14 and disposed around the outer circumference of the 
rotor core such that a gap is formed between the inner surface 
of the stator core and the outer surface of the rotor core in 
a known manner. Stator core 18 has a plurality of stator 
slots 2 0 and a plurality of windings 2 2 disposed in the stator 
slots 20. End bells 23, 24 are mechanically affixed to the 
ends of the motor casing for securing the motor components 
within the casing. The end bells 23, 24 are fixed to the 
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casing ends by a thixotropic seal in a known manner such that 
O-ring seals are not necessary. Motor 10 further includes 
cable assembly 25 for providing a supply of electrical power 
in a known manner. 
5 In order to minimize the adverse effects of the high 

temperatures on the stator and rotor core, these motor 
components are provided with cooling oil. Cooling oil 27 is 
supplied under pressure from a cooling oil supply (not shown) , 
and enters the casing 14 through oil inlet adapter 26. Oil 

10 flows into channel 28 in the casing, the channel preferably 
extending longitudinally along the length of the top of the 
casing. Oil flows along channel 28 and into end bell channels 
29, 30 in end bells 23, 24 respectively. 

Oil spray nozzle retainers 32, 34 are mechanically 

15 affixed to end bells 23, 24 respectively such that the oil 
spray nozzle retainers are in flow communication with the 
cooling oil 27 flowing through end bell channels 29, 30. Each 

011 spray nozzle retainer 32, 34 contains a plurality of 
nozzles 36 disposed therein for spraying cooling oil 27 onto 

20 the motor components. In a preferred embodiment, oil spray 
nozzle retainers 32, 34 are ring-shaped such that rotor shaft 

12 extends through the retainers. Thus, the rotor and stator 
cores 16, 18 and the oil spray nozzle retainers 32, 34 all 
have a coincidental central longitudinal axis 35. 

25 In a preferred embodiment, nine nozzles 36 are 

equally spaced circumf erentially around each of the oil spray 
nozzle retainer rings. These nine nozzles are positioned at 
an angle relative to the central longitudinal axis 35 to spray 
cooling oil directly onto the longitudinal ends of the stator 

30 core 18 and windings 22. Thus, cooling oil is evenly sprayed 
around the entire 3 60 degrees of the outer ends of the stator 
core and windings. Heat from the longitudinal center of these 
components will dissipate toward the cooler ends such that the 
entire stator is cooled efficiently. Two additional nozzles 

3 5 3 6 per each retainer ring are positioned to spray cooling oil 
directly onto the longitudinal ends of the rotor core 16 for 
cooling the rotor core in a similar manner to that described 
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for the stator core. In a preferred embodiment, nozzles 3 6 
spray cooling oil as a mist having a cone shape, as shown in 
Fig. 2, for distributing oil to a maximum surface area of the 
stator and rotor ends. Excess cooling oil is collected in 
5 reservoir 39 and pumped out of the motor for filtering and 
reuse . 

Cooling oil 27 can also be supplied under pressure 
through a central aperture 4 0 which is disposed around the 
circumference of the casing 14 where the stator core 18 is 

10 fixed to the casing, as shown in Fig. 2. Referring to Fig. 
3a, casing grooves 42 are cut into and extend longitudinally 
along the length of an inner surface 43 of the casing 14. A 
plurality of casing grooves 42 are disposed around the 
circumference of inner surface 43. Stator grooves 44 are cut 

15 into and extend longitudinally along the length of an outer 
surface 45 of the stator core 18. A plurality of stator 
grooves 44 are disposed around the circumference of outer 
surface 45. It should be noted that the outer surface 45 of 
the stator core is fixed to the inner surface 43 of the 

20 casing, however, these two surfaces are shown as separated in 
Fig. 3a for clarity. Casing grooves 4 2 and stator grooves 44 
are alternatingly positioned around the circumference of inner 
surface 4 3 and outer surface 4 5 respectively, such that a 
casing groove is adjacent a corresponding stator groove. 

25 Referring again to Fig. 2, cooling oil 27 flows from channel 
28, into aperture 40 and around the circumference of the outer 
surface of the stator core, and along the length of casing 
grooves 42 and stator grooves 44 such that cooling oil is 
distributed evenly over the outer surface 4 5 of the stator 

3 0 core. Thus, oil is provided directly for cooling around the 
entire circumference and along the entire length of the stator 
core. Cooling oil that flows over the longitudinal ends of 
the stator core flows onto the windings 2 2 to cool the 
windings. 

35 Depending on the application and the size of the 

motor, the oil spray nozzle retainer arrangement discussed 
above can be used in combination with the longitudinal groove 
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cooling arrangement just discussed* Thus, the present 
invention provides an efficient cooling system for electric 
car motors, i.e those capable of producing about 100 hp, as 
well as longer and larger motors, such as those for an 
5 electrically powered bus capable of 2 00 hP or higher, where 
the temperatures within the rotor and stator cores are at the 
highest levels. For smaller motors, where temperatures within 
the rotor and stator core are less extreme, either the oil 
spray nozzle retainer arrangement or the longitudinal groove 

10 arrangement can be used independently to provide adequate 
cooling of the motor components. 

Referring once again to Figs. 1 and 2, a portion of 
the cooling oil sprayed by nozzles 36 of the first and second 
oil spray nozzle retainers 32, 34 is also distributed on ball 

15 bearings 50 disposed on the rotor shaft 12. Thus, the present 
invention also provides effective lubrication of the ball 
bearings. A high temperature carbon-graphite seal 51 prevents 
oil leakage out of end bell 23 at the drive end 52 of the 
motor. Resolver rotor 53 and resolver stator 54 are also 

2 0 constructed to seal the non-drive end 55 of the motor at end 

bell 24 to prevent leakage of oil. 

In a preferred embodiment, casing 12 comprises 
magnesium which is extruded to form the casing shape. Also 
in a preferred embodiment, end bells 23, 24 comprise a 
25 magnesium alloy, preferably comprising about 90% magnesium. 
In a most preferred embodiment, end bells 23, 24 comprise the 
magnesium alloy sold commercially as Magnesium AZ91D by 
Northern Diecast of Harbor Springs , Michigan . Thus , the 
present invention provides an electric motor with 

3 0 significantly high horse-power which is light in weight and 

highly corrosion resistant. 

In a preferred embodiment, rotor core 16 and stator 
core 18 are formed of a plurality of thin, insulated sheets 
of metal, or laminations, stacked and pressed together. 
35 Preferably, these laminations comprise a silicon steel alloy. 

As shown in Figs. 3a and 3b, rotor core 16 has a 
plurality of rotor slots 60 located around the periphery of 



7 





7 



58,301 



the rotor core proximate the outer surface. Stator core 18 
also has a plurality of stator slots 2 0 which open onto the 
inner surface of the annular stator core. As set forth above, 
electrical windings 22 are disposed in the stator slots 20. 



electricity through the rotor, a conducting metal 62 is 
provided to fill the rotor slots 60. Preferably, conducting 
metal 62 comprises copper or aluminum, with copper being most 
preferred. Rotor slots 60 can be filled by a known die cast 
10 process, in which molten metal is cast into the rotor slots. 
However, due to the high melting point of copper, the 
temperature experienced by the rotor laminations at the rotor 
slots during the die cast process may be greater than 1150 °F. 



15 the rotor laminations include degradation of the steel alloy 
laminations caused by the relatively high temperature 
necessary to maintain the conducting metal in a molten state, 
oxidation, and over-heating of the rotor core resulting in 
damage to the insulation between the stacked laminations. In 

2 0 order to protect the rotor laminations from the adverse 
effects of the die cast process, this invention provides that 
a rotor slot coating 64 is deposited onto the surface of the 
rotor slots 60, prior to die casting. Such a coating is 
chosen to have a high dielectric strength, low heat 

25 conductivity, high resistance to the action of chemicals and 
high strength. Since rotor slot coating 64 has a high 
dielectric strength, the coating provides an insulating layer 
between the conducting metal in the rotor slots and the rotor 
core laminations. 

30 A stator slot coating 66 of similar characteristics 

is likewise deposited onto the surface of the stator slots 20. 
Such a coating has a high dielectric strength and provides a 
layer of insulation between the stator core laminations and 
the conducting metal in the windings of the stator slots. 

35 Preferably, stator slot coating 66 is the same as rotor slot 
coating 64. 



5 



In order to provide a path for the flow of 



The adverse effects of the die casting process on 





8 



58, 301 



In a preferred embodiment:, rotor slot coating 



64 and stator slot coating 66 both comprise a ceramic-based 
material. For the present invention, the phrase ceramic-based 
materials refers to materials with a matrix having ceramic 
5 material as its principal component. The ceramic material may 
be silicon or germanium, with silicon being the preferred 
ceramic material. However, the present invention is not 
intended to be limited in this manner and any available 
ceramic materials which possess the above described 
10 characteristics are within the scope of the present invention. 



64 and stator slot coating 66 comprise silicon and aluminum. 
The value of the dielectric strength for this coating is about 
3 00V/mils. In a most preferred embodiment, the rotor and 

15 stator slot coatings comprise about 94.5 percent silicon and 
about 5.5 percent aluminum. This composition has a melting 
point of about 2903 °F, which is the lowest melting point for 
a composition of silicon and aluminum. Since the melting 
point of this composition of silicon and aluminum is well in 

2 0 excess of the temperatures experienced during a copper die 
cast process, this coating provides the desired protection for 
the rotor and/or stator core laminations. In another 
embodiment of the present invention, rotor slot coating 64 and 
stator slot coating 66 comprise a composition of silicon, 

25 aluminum and between 2 to 3 percent titanium. 



shown in Figs. 4a and 4b, wherein cooling oil is supplied 
within the rotor core 16. Cooling oil 27 enters the motor 
under pressure through passage 70 in manifold 72 mounted on 

3 0 the non-drive end of the motor. Manifold 72 distributes the 
cooling oil radially about the outer surface of the rotor 
shaft 12. Oil flows axially along an annular rotor channel 
74 formed in the rotor shaft. Oil subsequently flows along 
a plurality of radial passages 7 6 formed between an end of the 

35 rotor core and resistance ring 78 affixed to the rotor core. 
Radial passages 76 are provided such that one radial passage 
is in flow communication with a corresponding one of the rotor 



In a preferred embodiment, rotor slot coating 



A further embodiment of the present invention is 
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slots 60 . Referring to Fig. 4b, rotor slots 60 further 
comprise axial rotor slot channels 80 such that the rotor slot 
channels are in flow communication with radial passages 76. 
Oil flows axially along the rotor slot channels to cool the 
5 conducting metal 62 disposed in the rotor slots. Oil then 
flows out of the rotor slot channels, into a plurality of 
corresponding radial passages 82 formed between the other end 
of the rotor core and resistance ring 84 affixed to the rotor 
core, and into the hollow center of the rotor shaft 12. Oil 
10 flowing through rotor shaft cools the shaft tube and ball 
bearings 88 and flows out of the manifold through outlet 90 
where it can be filtered and reused. 



in accordance with the present invention is shown in Fig. 5. 

15 Rotor shaft 12 is rotatably coupled to drive shaft 100 housed 
in gear box casing 102. Drive shaft 100 is coupled to rotor 
shaft 12 by a splined coupling 104 which is commonly known in 
the art. Drive shaft 100 actuates gear mechanism 106 which, 
in turn, actuates gear mechanism 108 for operating 

20 differential 110 in a known manner. Differential 110 is 
mechanically coupled to axles 112, 114 for rotating the axles 
which, in turn, rotate the vehicle wheels in a known manner. 



invention have been described and illustrated herein, it is 
25 recognized that modifications and variations may readily occur 
to those skilled in the art. Consequently, it is intended 
that the claims be intended to cover such modifications and 
equivalents. 



A vehicle drive system including an electric motor 



Although particular embodiments of the present 



